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INTRODUCTION 
Considerable resources have been devoted to the advertising and 
improvement of farm products. Though the effects of market and product 
development programs on the profit position of individual businesses have 
been studied extensively, the industry-wide effects of these activities 
are less readily ascertained and less well-known. For this reason, a 
study was organized to determine the pattern of consumer preferences 
as it relates to the design of market and product development programs 
intended to achieve industry-wide benefits. This dissertation is based 
on the principal findings of the study on consumer preferences. 
The objectives of the study were (a) to develop an empirical approach 
for investigating consumers' preference for meat, (b) to measure con­
sumers' preference for meat and consumer evaluations of quality of meat, 
(c) to discover the factors underlying preference and quality evaluation, 
and (d) to estimate the relationships of preference and of demand. Since 
the concept of consumer preference is closely related to theory of utility 
and demand, and the methods for measuring preference can also be found 
in the field of psychometrics, the literature in both of these fields 
was examined before the empirical study was.started. 
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REVIEW OF LITERATURE 
Utility and Demand Functions 
The theory of consumers' demand is deduced from the theory of utility. 
Both utility and demand functions, however, are special cases of choice 
functions. A choice function is defined as a rule of choosing subsets 
of alternatives from sets of alternatives (Appendix B). A demand function 
essentially deals with the choice of the sets of alternatives defined by 
budget constraints. 
Numerous reports have been published on utility and demand functions 
which can be summarized as dealing with two basic problems: the exist­
ence of utility functions and the measurability of utility (U,5,3l4,35,51i) • 
The first problem is focused upon the question of integrability and 
transitivity (13,111,39,1)7,56), while the latter problem deals largely 
with choice under risk-taking, ordering of intensity of preference and 
related topics (17,20,37,55,60). The primary assumption involved in 
these two basic problems is that an economic unit or a group of units 
has a unique standard (not necessarily unidimensional) and a unique unit 
(if not unique, the relationship between different units is known) for 
judging and ordering the values of outcomes of the sets of alternatives 
to be chosen. 
Allen and Hicks (14,29) adopted the concept of marginal rate of 
substitution to replace the classic ordinal concept of Pareto and Slutsky, 
which is derived from assuming the existence of utility function. The 
former concept assures indifference over a wider range in a commodity 
space and avoids the problem of measurable utility. A utility function 
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exists if the marginal rate of substitution satisfies certain integra-
bility conditions required in the theory of differential equations. 
The problem of integrability is closely related to the transitivity 
of preference orderings, which has been examined by Georgescu-Roegen 
(22,23). Apart from the problem of integrability, Samuelson (53,5U) 
suggested deriving a demand function by observing consumers' market 
behavior. The original suggestion, now known as the "Weak Axiom of 
Revealed Preference," was contributed by Hicks (29) as an econometric 
approach to the stucty of consumer demand. Independently, Houthakker 
(31) suggested the existence of a "Strong Axiom of Revealed Preference," 
which both Samuelson and Houthakker believed would fulfill the integra­
bility criterion. In both axioms, the existence of an ordinal utility 
function is implied. 
Arrow (Appendix B) has proved, by use of Uzawa's (62) definition 
of a rational choice function, (a) that the Strong Axiom of Revealed 
Preference implies the Weak Axiom of Revealed Preference, and (b) that 
the Weak Axiom of Revealed Preference is completely equivalent with the 
existence of a preference ordering or indifference map, from which the 
demand function can be derived. The approach of Hicks and Allen, there­
fore, is equivalent to the approach of Samuelson and Houthakker in 
deriving demand functions. 
Measurabiiity of utility depends on whether the basic axiom of weak 
ordered preference, i.e., A > B > C >D ... etc., can be appropriately 
extended. There are two possible extensions if (a) the degree of prefer­
ence, i.e., (A - B) > (B - C) > (C .- D) ... etc., also is weakly ordered, 
or (b) a probability can be assigned to each alternative. The first 
k 
extension is the measurable utility pursued by Gossen, Jevenson, Menger 
and Marshall (it,17,U2). The second extension has two approaches: (a) an 
objective probability, i.e., frequency in a large number of trials, 
advocated in Von Neuman and Morgenstern's (38,63,55) original work, and 
(b) a subjective probability (20,5'\ i.e., personal weight assigned to 
each alternative by an individual. Since objective probability cannot 
be obtained in a single trial, the approach of subjective probability has 
been widely adopted in discussing the measurability of utility. 
From the above discussion, the measurability of utility is reduced 
to the subproblems of (a) discrimination in intensity of preference and 
ability of assigning a probability by an individual, and (b) quantifying 
intensity and personal probability. Both of these two problems could be 
handled by psychometric methods. 
A few experiments of measuring utilities have been performed by 
economists, statisticians and psychologists (25, 32, 36, Ul). These 
experiments indicate that psychometric methods can be used in theoretical 
and empirical studies of individual behavior. Arrow (6) and Coombs (12), 
for example, have examined the possibilities of applying psychological 
and sociological concepts and methods in reformulating economic theory 
and empirical research. 
The development of the mathematics of sets and topology has provided 
more sophisticated tools for constructing a more complete theory of 
utility and demand (Appendix A). Arrow, Hicks, Uzawa and Chipman have 
used these tools in their work. Nevertheless, the very meaning of util­
ity has not been thoroughly explored despite these developments, but has 
an undefined concept. 
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Theozy and Methods of Scaling 
Nature of measurement 
To measure the property or attribute of an object, such as the 
height of a person or the quality of a commodity, it is necessary to 
establish an isomorphism, i.e., a one-to-one correspondence (or relation­
ship) between the object possessing this property and the characteristics 
of real numbers. As suggested by Torgerson (61), the real number series 
has the following three characteristics: 
1. Order: numbers are ordered, e.g., A > B > C > D, 
2. Distance: differences between numbers are also ordered, 
e.g., (A - B) ? (B - C) > (C - 0), 
3. Origin: the series has a unique origin indicated by the 
number "0". 
Numbers are assigned to the objects so that the relations between the 
numbers reflect the relations between the objects with respect to the 
particular property. Having done so, the property can be said to have 
been scaled or measured. 
Classification of scales 
The three characteristics of real numbers — order, distance and 
origin — form the basis for two different approaches for distinguishing 
different methods of measurement. The first distinction is made according 
to whether the numbers reflect one, two or all three of the characteris­
tics themselves. The second distinction is made according to the meaning 
of the characteristics themselves. The former leads to the classification 
of types of scales, while the latter leads to the classification of kinds 
of measurement. 
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Types of scales For this stu<fy, the types of scales are discussed 
as follows: 
1. Ordinal scale: Objects can be arranged in order with respect 
to a particular property. Numbers are assigned in such a way 
that the order of numbers agrees with that of the property. In 
an ordinal scale, the numbers are determined within a monotonie 
increasing transformation (Figure la). An ordinal scale 
satisfies the characteristics of the order of real numbers. 
Finally, a unique natural origin can be established in an 
ordinal scale. The numbers assigned to the property are sub­
ject to a monotonie transformation through the origin (Figure 
lb). An ordinal scale with natural origin satisfies the 
characteristics of order and origin of real numbers. 
2. Interval scale: In addition to the characteristics of an 
ordinal scale, the differences (or distances) between amounts 
of the property also can be determined. Numbers may be assigned 
so that the distances in the numbers reflect the sizes of the 
corresponding differences in the attributes. Two numbers are 
assigned arbitrarily, e.g., a unit and an origin. In this case, 
the numbers are determined within a linear transformation 
(Figure lc). An interval scale satisfies the characteristics 
of order and distance. 
3. Ratio scale: If a unique natural origin is determined in addi­
tion to the characteristics of the interval scale, then only 
one number may be assigned arbitrarily, i.e., a unit. Hence, 
the numbers of a ratio scale are subjected to a linear trans­
formation through the origin (Figure Id). A ratio scale 
Figure 1. Types of scales. 
a. Ordinal scale. 
b. Ordinal scale with natural origin. 
c. Interval scale. 
d. Ratio scale. 
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satisfies all three characteristics of real numbers. 
Kinds of measurements According to the meaning of the character­
istics of real numbers obtained, measurement can be classified into the 
following kinds: 
1. Derived measurement: The meaning of the characteristics is 
obtained through laws relating the property to other properties, 
e. g., density is the ratio of mass to volume, which is a con­
stant. Campe11 (6l,p. 21) named this the measurement of "B" 
magnitudes. 
2. Measurement by fiat: The meaning of the characteristics is 
obtained by arbitrary definition. It depends on the presumed 
relationship between the observation and the concepts of 
interest, e.g., indices of social-economic status and learning 
ability. 
3- Fundamental measurement: Numbers are assigned according to 
natural laws to represent the property which does not presuppose 
measurement of any other variables. A construct measured funda­
mentally possesses both operational and constitutive meaning of 
and by itself, such as length, width, volume, etc. Campell (61, 
p. 22) named this the measurement of "A" magnitudes. 
Psychological scaling methods 
The ordering of objects or stimuli with respect to an attribute, 
such as length, by a physical scale is said to be on a physical continuum, 
while the ordering of the objects on the basis of personal judgment is 
said to be on a psychological continuum. Historically, psychological 
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investigations have been made of the relationship between the ordering of 
objects on a known physical continuum and the ordering of the same objects 
on a psychological continuum. The science of studying these relation­
ships has been called psychophysics. 
In 1927, Thurstone (59) published two articles in which the so-
called Law of Comparative Judgment was developed. This law provided a 
rationale for the ordering of objects on a psychological continuum, and 
thus later made possible the quantitative investigation of values and. 
subjective experiences. Since Thurstone1 s original contribution, numerous 
methods for scaling stimuli have been developed. These methods are known 
generally as psychological scaling methods. 
Psychological scaling methods can be classified on the basis of 
theoretical, experimental and analytical approaches. 
Theoretical approaches Three theoretical approaches are dis­
tinguished on the basis of differences in the allocation of the vari­
ability of the responses to the stimuli. These approaches parallel 
certain models used in the analysis of variance. 
1. Subject-centered approach: The systematic variation in the 
reactions of the subjects to the stimuli is attributed to indi­
vidual differences in the subjects. The purpose of this approach 
is to scale the subjects, while the stimuli are considered as 
replications. The number of stimuli selected from the same 
stimulus-population at random would not affect procedure or 
results other than those due to sampling error. This procedure 
is analogous to a one-way classification in the analysis of 
variance tables with several replications per column, the 
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subjects corresponding to the columns. Mental tests in psy­
chology are based on this approach (61, p. U8). 
2. Stimulus-centered or judgment approach: The systematic variation 
in the reactions of the subjects to the stimuli is attributed 
to differences in the stimuli with respect to a designated 
attribute. The stimuli are scaled and the subjects are con­
sidered as replications. Either the procedure or the results 
other than the sampling error would not be affected by the 
number of subjects chosen at random from the same population. 
This is analogous to a one-way classification of analysis of 
variance with subjects considered as replications (61, p. it?)• 
3. Response approach: Variability of reactions to stimuli is 
ascribed to both variation in the subjects and in the stimuli. 
The purpose of this classification is to assign scale values to 
either subjects or stimuli or both. This procedure is analogous 
to a two-way analysis of variance with (ordinarily) one observa­
tion per cell (6l, p. it?). 
There is one area, however, in which the ability to distinguish 
between the two approaches on the basis of the task test set for the sub­
jects breaks down. This area includes preferences, esthetic judgments, 
judgment of pleasantness and the like. Here, either approach might be 
used on a given set of data. The choice depends on the purposes and 
preferences of the researchers. 
Experimental design A given theoretical model of scaling may be 
applicable to data obtained from several different experimental proce­
dures. For example, Thurstone* s comparative judgment model can be applied 
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to data obtained by the experimental methods of paired comparisons, rank 
order, successive intervals, and equal intervals. 
Analytical procedures A given kind of data may be analyzed by 
several analytical procedures such as: graphic procedure, procedures 
based on medians or means, least squares solutions, and so on. 
Judgment methods 
To a series of stimuli or objects, the subject can respond differ­
entially with respect to a given attribute. These stimuli can be located 
on a psychological continuum. This continuum is considered as a continuum 
of subjective or psychological magnitude. 
Each psychological magnitude is mediated by a discriminai process, 
which is defined as the process of the organism identifying, distinguish­
ing or reacting to stimuli. A stimulus when presented to a subject gives 
rise to a discriminai process. Because of momentary fluctuation in the 
organism, a given stimulus does not always excite the same discriminai 
process. Hence, instead of a single discriminai process associated with 
a given stimulus, a number of discriminai processes are always associated 
with each stimulus. 
If the stimulus is presented to the subject a large number of times, 
or to a large number of subjects at the same time, then a frequency dis­
tribution on the psychological continuum of discriminai processes is gen­
erated. Generally, this distribution is assumed to be normal. Moreover, 
the scale value of the stimulus is defined as the modal value of the dis­
tribution, while the process is defined as modal discriminai process. 
Since the mode, median and mean coincide in a normal distribution, the 
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scale value of the stimulus can also be defined as the mean or the median. 
The discriminai dispersion of a given stimulus is defined as the standard 
deviation of the distribution associated with the stimulus. This discrim­
inai dispersion serves as the unit of the scale value. Scale values and 
discriminai dispersions may be different for different stimuli. 
Empirical Work 
Numerous research findings dealing with the consumption of meat or 
consumers' preferences have been reported. The most recent works are due 
to Shaffer, Quackenbush and Moss (58), Rockwell (51), and Gaarder, Strand 
and Maki (21). 
Shaffer and associates investigated the weekly consumption of meat 
as related to family characteristics such as household size, income, edu­
cation, age and occupation of head of household. This study was under­
taken in the spring of 1950 at East Lansing, Michigan. Family size was 
the most important factor affecting per capita consumption of meat. Dis­
posable income was much less important than family size in determining 
meat consumption. No significant relationship was established between 
the amount of family income and the expenditures for pork per person. 
On the other hand, expenditures for beef per person rose sharply as family 
income increased between S3}000 and $ it,000. In addition, there was a 
tendency for the groups engaged in the more manual occupations to consume 
a higher proportion of pork. 
Rockwell's work covers all the food items consumed by a sample of 
over U,000 households in the United States during a one-week period in • 
April to June, 1955. Rockwell emphasized the consumption of food items 
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in relation to size of family and family income. According to this 
study, per capita consumption of food was inversely correlated with family 
size. Income was a less important factor. The study also indicated that 
the coefficients of multiple determination for regressions fitted to 
household data were low. 
Gaarder and associates based their work on a sample survey of kS9 
households during June 1955- In this study, family size and income were 
the principal factors associated with differences in household pork con­
sumption. Consumers generally expressed a preference for pork chops 
over ham, roasts, bacon and others. Fatness and health value of pork 
cuts, moreover, were two important factors considered in evaluating 
preference. Bone and texture were relatively unimportant secondary 
factors. Size of chop was also considered by consumer in reporting pref­
erence. 
Psychological scaling methods were not used in the Des Moines study, 
however, or in the other reported studies. 
A number of psychologists have applied scaling methods in their 
research on food preferences, including Benson (8,9,10), Jones (32,U8), 
Gulliksen (26), Peryam (h3}hk) and Thurstone (1^ 8,59)• These psychologists 
have developed techniques for scaling food items according to consumers' 
likeness and have derived functional relationships between food pref­
erences and monetary variables. 
In the early 1930's, Thurstone (59) did perform some experimental 
work in developing indifference functions by use of a scaling method. 
Later, Thurstone was a principal leader in applying scaling methods in 
the study of food preference. 
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Gulliksen (26) applied paired-comparison and successive-interval 
methods, advocated by Thurstone, for scaling a set of meat items, and 
established the subjective-values functions of a pair of items (assuming 
as known the scale value of the item). Semi-logarithm, square-root, 
negative exponential and linear functions were fitted to the data. 
Benson (8) established a functional relationship between consumer 
preference (represented by a scale value) and the price of individual 
dishes. Dishes were grouped into three categories, i.e., appetizers, 
entrees and desserts. The aggregate preference for a meal was assumed 
to be a linear combination of the three groups of dishes. 
Jones (32) employed the successive-interval method for collecting 
preference data for certain food menus at the University of Chicago, and 
estimated the utility of price paid for the menu (represented by scale 
value). In addition, Kiehl and Rhodes (U9) have undertaken considerable 
research on the grade and consumer preference for meat. 
The psychological scaling methods also have been applied in taste 
testing, food technology and sensory test, such as Bengtsson and Helm 
(7), and Peryam and Swartz (it5)* Many experimental studies, in addition, 
are reported in The Journal of Food Technology. 
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EMPIRICAL PROCEDURES 
Collection of Panel Data 
The Marshalltown study was initiated in Spring of 1959, and carried 
through Spring I960. Marshalltown is a rather typical urban community 
of about 22,500 population in Iowa which serves as a trading center for 
farmers and also includes an expanding economic base of nonagri cultural 
manufacturing and service industries. The Marshalltown consumer panel 
provided all the data used in this study. 
Consumer panel 
A total of 563 households was selected and surveyed in May, 1959» 
This survey was designed primarily for gathering information concerning 
income, household size and composition, education and occupation of 
household head and other background data. These data served as the basis 
for selecting a panel of about 100 households. 
In Spring i960, a. subsample of 91 households was obtained from the 
larger sample. This subsample served as the consumer panel for this ~ 
study. Each household was requested (a) to give some additional infor­
mation concerning family characteristics and opinions on some phases of 
merchandising, such as advertising and factors considered when purchasing 
meat, at the beginning of the survey, (b) to keep a detailed weekly diary 
of consumption and purchases of meat items and competitive food items, 
such as eggs and cheese, for four consecutive weeks from April 7 through 
May ii, and (c) to give opinions on the quality of and preference for each 
meat item purchased and consumed during the week. Subjective quality 
estimates were checked, by purchasers, according to their memory, in one 
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of the five ordered categories: extremely high, moderately high, neither 
high nor low, moderately low, and extremely low. Preferences were checked 
by the respondents in one of the following categories: like extremely, 
like moderately, neither like nor dislike, dislike moderately, and dislike 
extremely. Some opinions on detailed questions centered around the 
quality and preference also have been asked, such attributes of quality 
and preference as color, amount of fat, brand, tenderness, etc. 
Characteristics of households 
That consumption of and preferences for certain foods were influenced 
by the households' characteristics such as income, household size and 
composition, occupation, and education, has been reported in various 
studies (21,1^ 6,51,58) • Income and household size generally were the 
principal factors affecting consumption, while other factors were sec­
ondary. Quantity demanded and perception of preference, however, may be 
different for people with different social and economic background. For 
understanding the structure of consumers' preference and demand, there­
fore, it is necessary to be familiar with the several characteristics of 
the consumer panel used in this study. 
Income Income is the principal factor for explaining consumers' 
demand for a commodity. As suggested by Engle's law (2,19), consumers' 
preference and demand may not be the same for the people with different 
levels of income. 
Ninety households of the total of 91 households in the panel reported 
their total 1959 income before taxes. Forty-two percent of the households 
reported incomes from SU>000 to $6,500, 30 percent reported incomes below 
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$U,000, and 28 percent were above $6,500. Of the 90 households, h3 
percent reported an increase in income during 1959# 15 percent reported 
a decrease in their total yearly income, and h.2 percent reported no 
change. The detailed figures are shown in Table 1 and Table 2. 
Table 1. Distribution of households in Marshalltown consumer panel, 
by income before taxes, 1958 
Family 
income before 
taxes in 1958 
Frequency 
Number Percent 
Under $1,300 8 9 
$1,300 - 2,599 10 11 
$2,600 - 3,899 9 10 
$3,900 - 5,199 19 21 
$5,200 - 6,199 19 21 
$6,500 _ 7,799 10 11 
$7,800 - 9,099 6 7 
$9,100 and over 9 10 
Totals 90 100 
Table 2. Distribution of households in Marshalltown consumer panel, by change in income before 
taxes, 1958-1959 
Family 
income before Increase in income Decrease in income Mo change in income 
taxes in 1958 Number Percent Number Percent Number Percent 
Under $1,300 u 10 0 0 k il 
Si,300 - 2,599 1 3 5 38 h il 
$2,600 - 3,899 5 13 0 0 k 11 
$3,900 - 5,199 9 23 3 23 7 18 
$5,200 - 6,k99 6 15 h 31 9 23 
$6,500 - 7,799 8 20 1 8 1 2 
#7,800 - 9,099 1 3 0 0 5 13 
$9,100 and over 5 13 0 0 h 11 
Totals 39 Tôô Î3 Too 38 Too 
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Household composition and size Household composition and size 
affect total quantity demanded by the household as well as the quantity 
demanded by each member of the household. Moreover, differences in 
preference patterns and in demand between households, may exist. These 
differences presumably come from the differences of household composition 
from family to family, based on sex, number of children, age and related 
characteristics. 
Seven categories of household composition were classified according 
to Table 3. Thirty-five percent of the households were in the categories 
of adults over bO years old, 2b percent were adults and children of mixed 
Table 3» Distribution of households in Marshalltown consumer panel, by 
household composition, I960 
Household 
composition 
Frequency 
Number Percent 
Single 
Adults under I4O years 
Adults over UO years 
Adults and child or children, 
preschool 
Adults and children 6-12 years 
Adults and children 13-21 years 
Adults and mixed ages of children 
Totals 
11 
5 
32 
11 
b 
6 
22 
91 
12 
6 
35 
12 
b 
7 
2b 
Too 
21 
ages, 12 percent were single households, and 12 percent were adults and 
preschool children only. 
Household size was defined as the number of persons eating meals at 
home during the week. It was computed by dividing the total number of 
meals in the week, including family and guests, by 21 (representing total 
number of meals in one week). Further, it was used as the basis for com­
puting the per capita quantity demanded. Forty-four percent of households 
comprised two to four persons eating at home during the first week of the 
survey, 36 percent with less than two persons and 20 percent with more 
than four persons (Table It). 
Table it- Distribution of number of persons eating meals at home in 
Marshalltown consumer panel, April 7-13, I960 
Frequency 
Number of persons Number Percent 
0.9 and under 9 10 
1-1.9 2lt 26 
2-2.9 20 22 
3-3.9 20 22 
U-U.9 11 12 
5-S.9 5 6 
6 and over 2 2 
Totals 91 100 
22 
Age of household head Age of household head may be used as an 
indicator of the age of family. Some measure of position in the life 
cycle of a household is important, because the composition of the popu­
lation places increased importance on the composition of demand and 
preference patterns of younger and older families. In addition, the 
degree of acceptance of introducing new products may not be the same 
between younger and older families. 
According to Table £, 6l percent of household heads were in the age 
bracket of 30 to 60 years, 11 percent were in the bracket of 20 to 30 
years, and 28 percent were over 60 years. 
Table 5. Distribution of households in Marshalltown consumer panel, by 
age of household head, 1959 
Frequency 
Age in years Number Percent 
21-30 10 11 
31-U0 20 22 
lu-50 20 22 
51-60 15 17 
61-70 13 lh 
71-80 9 10 
81 and over U k 
Totals 91 Too 
23 
Education of household head The level of education of the house­
hold head is associated with income, occupation and size of family. The 
perception of preference and the standard of evaluating quality, etc., 
may be heterogeneous for people with different educational backgrounds. 
With reference to educational attainment, Table 6 shows that 28 per­
cent of household heads completed elementary school, 53 percent completed 
high school, and 19 percent attended college or extended education beyond 
the undergraduate college level. 
Table 6. Distribution of households in Marshalltown consumer panel, by 
education of household head, I960 
School or college Frequency 
education in years Number Percent 
8 and under 25 28 
9-12 kQ 53 
13-16 15 16 
17 and over 3 3 
Totals 91 IÔ5 
Occupation of household head Occupational group may also have an 
impact on the process of formulating the concept of preference of the 
family as well as the individual. Some differences in the consumers' 
preference and demand for meat have been found when occupational groups 
are compared. For example, manual workers typically may eat more pork 
than do nonmanual workers. 
2h 
The distribution of household heads' occupations is shown in Table 7-
Twenty-one percent of household heads were operatives, e.g., bus drivers, 
painters, etc., 20 percent were professional workers, managers and 
officials, and 10 percent were retired. Farmers and farm labor comprised 
only 2 percent. 
Table 7- Distribution of households in Marshalltown consumer panel, by 
occupation of household head, I960 
Frequency 
Occupation Number Percent 
Professional, technical and kindred workers 9 10 
Farmer 1 1 
Managers, officials, proprietors 9 10 
Clerical and kindred workers 5 6 
Sales workers 8 9 
Craftsmen, foremen and kindred workers 1U 15 
Operatives (bus drivers, painters, etc.) 19 21 
Private household worker 1 1 
Service workers but not household h h 
Farm labor l l 
Labor except farmer and miner 5 6 
Household wife h h 
Retired 11 12 
Totals 91 Too 
25 
Consumptions, purchases and prices of meat 
Average per household consumption and purchase of major meat items 
during the first week of the survey were computed. At the same time, 
average per capita consumption and purchase of the selected items — 
ground beef and hamburger, round steak, bacon and pork chops — were cal­
culated. These results and prices of individual items are discussed next. 
Per household consumptions and purchases Twenty-one major meat 
items (beef, pork and cold cuts) were consumed or purchased by the con­
sumer panel during the week. The average per item demanded for beef was 
about two pounds; pork, about one and one-half pounds; cold cuts, one 
pound. The average price paid for beef was 78 cents, and about 59 cents 
for both pork and cold cuts. These results show that, in general, the 
quantity demanded for beef was greater than that for pork, and the expend­
iture for beef was larger than that for pork. The detailed figures are 
shown in Table 8. 
Per capita consumptions and purchases Average per capita quan­
tities demanded for the selected items, and prices are summarized in 
Table 9. The selection of four items was made primarily because of the 
larger number of households which had consumed or purchased the items. 
The per capita quantity was computed by dividing the total quantity con­
sumed by the household by the number of persons eating at home during 
the week. Table 9 also shows that the quantity of beef consumed was 
greater than the quantity of pork, and the price paid for pork was less 
than that for beef. 
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Table 8. Weekly average purchases and consumptions per household, and 
prices of meat items, April 7-13> I960 
Meat item Purchases Consumption Price per pound 
- (pounds) (pounds) (dollars) 
Beef: 
Ground beef and hamburger 1.917 i.9iii 0.52 
Ground round steak 1.051 l.m 0.69 
Beef liver 0.987 1.083 0.58 
Chuck roast 2.763 2.852 0.66 
Roast beef 1+.163 3.296 0.87 
Round steak 1.37k 1.739 0.86 
Sirloin steak 2.261 2.721 0.82 
T-bone steak l - 7lU 2.093 0.9)4 
Stewing beef, boiling beef 1.628 1.513 0.1+7 
Chipped beef 0.350 0.715 1.37 
Average 1.821 1.906 0.78 
Pork: 
Pork 1iver l.lt05 1.350 0.37 
Roast pork 2.487 2.291 0.65 
Pork steak 1.975 1.776 0.53 
Pork chops l.hSh 1.1+20 0.73 
Boneless chops, tender­
loins, cutlets 1.203 1.215 0.61+ 
Ham and spareribs 1.61+3 1.729 0.62 
Cured ham and sausage 1.358 1.325 0.52 
Bacon 1.305 1.0I+5 0.55 
Average 1.60k 1.519 O.58 
)ld cuts: 
Wieners 1.11+7 1.002 0.56 
Bologna l.W+8 1.0I+3 o.5k 
Other cold cuts 0.81+3 0.791 0.67 
Average l.llto 0.915 0.59 
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Table 9. Weekly average purchases and consumptions per person, and 
prices of four meat items, April 7--13, -I960 
Meat item Purchases Consumption Price per pound 
(pounds) (pounds) (dollars) 
Ground beef and 
hamburger 0.770 0.797 0.52 
Round steak 0.702 0.792 0.88 
Bacon 0.698 0.512 o.55 
Pork chops 0.535 o.5Uo 0.73 
Analytical Approach 
Technique of constructing subjective quality and preference indexes 
The construction of quality and preference indexes comprises an 
essential element of this study. Underlying this aspect of the study are 
the psychometric techniques cited earlier, particularly Thurstone's Law 
of Comparative Judgment. This law is based on the idea of paired compari­
sons, when two objects or stimuli are compared with respect to the same 
attribute of the objects at the same time. The modal discriminai process 
and discriminai dispersion for a given stimulus would depend upon the 
particular attribute judged. 
For practical purposes, instead of the method of paired comparisons, 
the method of successive intervals was employed in this study. Since the 
Law of Comparative Judgment is the foundation of developing other judgment 
methods, however, it is necessary to understand the reasoning underlying 
this law. 
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Law of comparative judgment Let i and j be the two stimuli. 
These stimuli are assumed to be associated with two modal discriminai 
processes for a given attribute. Moreover, the distributions of processes 
would be normal with scale values Sj and Sj, and discriminai dispersions 
6 £ and 6j. 
If two stimuli i and j, which represent two different meat items, 
were presented to a large group of homemakers, for example, to make com­
parative judgments, on a given attribute, as to whether i or j is the more 
favorable item, and if 50 percent of the subjects say that i is more 
favorable than j and the other 50 percent of the subjects say that j is 
more favorable than i, then the modal discriminai processes aroused by 
the two stimuli would be exactly the same with the same scale value. On 
the other hand, if more than 50 percent of the subjects say that i is more 
favorable than j, then i has a higher modal discriminai process than j 
on the psychological continuum, and the scale values Sj>Sj. Similarly, 
if less than 50 percent of the subjects say that i is more favorable 
than j, then S^ S j. 
By getting comparative judgments of the kind described above, an 
empirical frequency corresponding to the number of times that i is judged 
to be more favorable than j can be obtained. Logically, the argument is 
presented as follows. Let, f.j = i > j, where f.j is the frequency with 
which i is judged greater than j, and let N represent the total number 
of judgments, then p.j = f£j/N. The p.j can be transformed into normal 
deviates Zjj by the use of tables. Hence, the complete model of the Law 
of Comparative Judgment is as follows; 
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S £  "  S j  " Z i j  * ® ' j - 2 Y ' i j  « " i  ^ " j  ( 1 )  
or Z,j -St - Sj +  ( j  - 2  f  i j  &  j  ( 2 )  
The difference between two normally distributed variables is also 
normally distributed with standard deviation equal to 
^i-j 
+ 
- 2 f . |f. (3) 
1 J j J 1 J 
where, T £j a correlation between Sj and Sj. 
S| = scale value of i stimulus. 
Sj = scale value of j stimulus. 
^- = discriminai dispersion (standard deviation) of discriminai 
process of i stimulus. 
t) j = discriminai dispersion of discriminai process of j stimulus, 
j = discriminai dispersion of difference between discriminai 
process of i and j stimuli. 
2.j can be determined empirically. However, the complete model cannot be 
solved unless some assumptions have been made. If, 6% = = 6", and 
T.j is a constant Y , then equation (2) is reduced to 
Zij= S; Sj 2 -r ) (u 
2 
Since 2 6 (1 - f ) is a constant and the unit of measurement of 
the scale separations of the pairs of stimuli, it can be further assumed 
to be 1. Then equation (U) is reduced to 
zij = Si - Sj (5) 
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This is Case V of the Law of Comparative Judgments (Appendix C). 
Hosteller (1+0) has developed a least-squares solution of Case V for 
finding the scale values. 
When making comparative judgments, the total number of paired 
comparisons of n stimuli or objects made by a subject is given by 
nC2 = n(n-l)/2. When n is larger and larger, the potential number of 
paired comparisons increases explosively. Hence, when n is large, the 
paired comparison approach is inconvenient and laborious. Therefore, 
some more simple methods, such as equal appearing intervals and successive 
intervals have been developed. This leads to the development of the 
category judgment approach (Appendix C). Theoretically, these methods 
can be shown to be equivalent. 
Successive intervals method The simplest method which can sub­
stitute for paired comparisons is the method of equal-appearing intervals. 
The basic assumption involved in this method is that the intervals are 
equal. However, this assumption cannot be checked in the procedure of 
equal-intervals scaling. Hevner's (28) empirical study does indicate 
that when the same stimuli are scaled by the method of paired comparisons 
and the method of equal-appearing intervals, the relationship between 
the two sets of scale values is approximately linear except at the two 
extremes of the equal-appearing interval continuum (33). 
For retaining the simplicity of equal interval methods, but also for 
yielding scale values that are linearly related to those obtained by the 
method of paired comparisons over the complete range, the method of suc­
cessive intervals has been developed (1,27). The method also requires 
only a single judgment from each subject for each stimulus to be scaled. 
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This same method is referred to with different names by different authors. 
For example, to Saffer ($2) it is the method of successive intervals, to 
Guilford (24) it is the method of absolute scaling, to Attoeave it is. the 
method of graded dichotomies, and to Garner and Hake it is the method of 
equal discriminability scale. The computational procedures of the suc­
cessive intervals are discussed next (l£). 
1. Estimating interval width: The principal task in the method 
of successive intervals is to estimate the widths of the 
intervals making up the psychological continuum from the 
cumulative normal distributions for a given set of stimuli. 
The intervals are placed in ascending order. The number of 
intervals is not limited, but is usually shown with eleven, 
nine, seven or five intervals. 
The steps of computation are follows: 
a. Compute cumulative percentages for each stimulus, 
usually called P matrix. 
b. Transform the cumulative percentages into normal 
deviates, by use of table, usually called Z matrix. 
c. Estimate the width of a given interval on the 
psychological continuum in terms of the difference of 
the adjacent two normal deviates for each stimulus. 
d. The best estimate of the interval width assumed to be 
the arithmetic mean over all the stimuli for each 
interval. 
2. Estimating the scale value of the stimulus: The scale value of 
i th stimulus can be computed by the following equation: 
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SJ_ =  1  +  ( . 5 0  -  Z  P f c  /  p w )  w . j  (6) 
where, = scale value of i th stimulus 
1 = lower limit of interval on psychological continuum 
in which median falls 
2p, = sum of percentages below interval in which median 
3. Internal consistency test: The matrix of the theoretical normal 
deviates can be determined by subtracting the scale value of each 
stimulus from the cumulative interval widths. Then, the normal 
deviates are transformed into the theoretical cumulative per­
centages. The average of the absolute values of the discrep­
ancies between the theoretical and the observed cumulative 
percentages serves as a test for the assumptions made in the 
•successive interval method. The size of this average value 
usually ranges from .021 to .02$ as reported by Edward and 
Thurstone (16) and others. 
4. Discriminai dispersions: Rimoldi and Hormaeche (£0) and 
Burros (11) have independently derived the solutions for the 
discriminai dispersions of stimuli scaled by the method of 
successive intervals. 
The discriminai dispersion of i th stimulus is given by: 
f a l l s  
p = percentages within interval in which median falls 
w 
w.j = width of interval on psychological continuum 
^ i  -  ( ~ V j  )  k  ( 7 )  
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where, ^ discriminai dispersion of i th stimulus 
V j = 
m _ 2 
X! ( Z . . _ Z . ) / m standard deviation of normal 
j=l v -JV 
deviates of i th stimulus 
__ m 
Z. : = ZZ %. /m, average of normal deviates over 
•J .j=l -J 
intervals for a given stimulus 
n m number of stimuli, 1, 2, n 
m = number of intervals, 1, 2, m 
i = i th stimulus 
j = j th interval 
Z.j = normal deviate of i th stimulus in j th interval 
It is also assumed that the JZ . = n, which can be used as a 
i=l 1 
check when computing the discriminai dispersions. 
The models 
Two preliminary hypotheses were formulated for investigating the 
functional relationships between quantities, subjective quality, prefer­
ence (likeness), prices, incomes, and other characteristics of consumers. 
These two hypotheses pertain to (a) the problem of economic statics and 
(b) to the problem of the individual consumer. They are discussed in 
terms of product acceptability and functional relationships depicting 
consumer preferences for different products. 
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The concept of product acceptability Psychologists working in 
the field of food preference, such as Thurstone, have defined the accept­
ability of a given commodity as the quantity purchased while the prefer­
ence for a given commodity has been defined as the degree of likeness 
expressed by the consumer who has consumed the commodity (48). The 
psychologist's concept of preference may be integrated appropriately 
into the economist's point of view of consumer preference and utility. 
On the other hand, the degree of likeness toward a certain commodity may 
be used as an additional variable for estimating quantity demanded. If 
the consumer's utility derived from meat is defined as the degree of 
likeness reported after consuming it, then the concept of likeness may be 
used to develop the utility function and the indifference curves for the 
product. In this study, the products involved are the various cuts and 
types of meat. 
The psychologists' concept of acceptability can not be adopted con­
veniently, however, since quantity purchased forms part of the concept 
of quantity demanded as defined by economist. In effect, the psychol-
gist's concept of acceptability is not different from the economist's 
concept of quantity demanded. Hence, some confusion may arise because 
of the apparent similarity of the two concepts. 
The author has formulated a schematic diagram (Figure 2) showing the 
static relationship between the characteristics of the consumer, the 
characteristics of the commodity, and other variables. According to this 
diagram, the concept of product acceptability consists of four main 
components ; (a) physical quality of product, (b) consumer's subjective 
evaluation of quality, (c) price and (d) marketing environment. Due to 
Income 
Preference 
( l i k e n e s s )  
Quantity 
demanded 
Product 
acceptability 
h_ 
Subjective 
quality 
Price 
Consumers characteristics 
L Social environments 
Physical quality of product 
Marketing environments 
e . g . ,  a d v e r t i s i n g ,  e t c .  
t0L> VJT 
Figure 2. Static relationship among individual consumer's preference, quantity demanded, product 
acceptability, and other variables. 
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difficulty of obtaining the data of physical quality, and price, under 
certain conditions, may be employed as an index of physical quality. At 
the same time, subjective quality can be obtained by asking the consumer's 
opinion of the quality of product purchased. Thus, the correlation, Y , 
between price and subjective quality may be defined as the measure of 
product acceptability. If this correlation is allowed to vary in the 
closed interval of (l, -l), then, when 
r = 1, the product is completely acceptable 
T = 0, the product is neither acceptable nor not 
acceptable 
Y = -1, the product is completely unacceptable 
marketing environment, in this context, would purport to increase the 
magnitude of Y , i.e., to increase product acceptability. The functional 
relationship between product acceptability and quantity demanded can then 
be established. 
In this study, the correlation between price and subjective quality 
will be estimated, though the available data do not permit the establish­
ment of a functional relationship between product acceptability and 
quantity. As an alternative procedure, price, subjective quality and 
related factors are considered as independent variables in the preference 
(likeness) and demand functions. These models will be discussed in the 
following sections. 
Functional relationships These distinct types of functional 
relationships were identified in this study, namely, preference, indif­
ference and demand functions. 
1. Preference (likeness) functions. The functional relationship 
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between the preference and quantity consumed, price and sub­
jective quality were investigated for particular meat items and 
for aggregate items. Three types of functions will be used for 
fitting to the empirical data. These functions, linear, 
logarithmic and semi-logarithmic, are of the forms: 
a. Linear function. 
Y = a + bjX^ + bgXg b^X^ + F. (8) 
where, Y = index of likeness (preference) 
= quantity consumed, pounds per week (per capita or 
per household) 
Xg = index of subjective quality 
Xjj = price, dollars per pound 
B = random disturbance 
b. Logarithmic function. 
log Y = log a1 + b^' log X^ + bg' log Xg 
+ by log Xj + log E (9) 
c. Semi-logarithmic function. 
Y = a" + b1lf log X1 + b2" log X2 + bf log X3 + E (10) 
The semi-logarithmic function is derived from the Fechner's 
law (61, p. 57) which states that the additional satisfaction 
derived from an additional quantity of goods is inversely 
proportional to the quantity of the goods already possessed. 
Thus, if, 
ds = additional satisfaction, 
s = satisfaction, 
I 
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dq = additional quantity of a given goods, 
q = quantity of a goods already possessed, 
k = a constant, 
then, Fechner's lav; can be represented by the following 
differential equation, i.e., 
ds _ k 
dq q (11) 
To solve equation (11), a semi-logarithmic function can be 
obtained, i.e., 
s = k log q + C. (12) 
In equation (12) if the constant C is considered to be changed 
/ 
by the subjective quality and, if the change of C also follows 
Fechner's law, then 
dC=lll (13) 
dt t 
where, dt = change in quality 
t = level of subjective quality already attained 
k^ -a constant. 
To solve equation (13), then 
C = kj, log t + C^. (Ik) 
When, equation (lit) is substituted in equation (12) then, 
s = k log q + k1 log t + C]_. (15) 
If in equation (15) is changed by the price of goods, 
following the previous procedure, the satisfaction can be 
shown as 
s ~k log q + k^ log t + kg log p + C2 (16) 
where, p = price. 
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In equation (16), if s is replaced by the likeness reported after 
consuming a given commodity, then this function, with the addition of E, 
is the exact semi-logarithmic function presented in equation (10). 
2. Indifference functions. If the aggregate likeness derived from 
consuming a number of commodities is defined as the function of 
the individual likeness functions of commodities, i.e., 
L - f(li, 12, ln) (17) 
Where, L = aggregate likeness derived from consuming n 
commodities 
1^ = likeness derived from the i th commodity 
i = 1, 2, n number of commodities. 
Essentially the exact form of equation (17) is unknown. The simplest 
form of this function may be expressed as a linear function of 1^. This 
procedure has been discussed in detail by Houthakker (30). For the sake 
of simplicity in illustrating the argument at this point, the aggregate 
likeness function of meat is assumed to be the arithmetic mean of the 
individual likeness functions, i.e., 
L = + 12 + + In) (18) 
A more sophisticated estimation of the aggregate likeness function 
may be achieved by redesigning the study so as to obtain from the consumer 
panel the likeness derived from a group of commodities as well as the 
likeness from each commodity. 
For deriving an indifference map of a pair of commodities, the 
likeness functions of other commodities may be assumed to be constants, 
such as mean values of likeness of commodities. Then the contour of 
the aggregate likeness can be shown as the combination of quantities 
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consumed of a pair of commodities. Since the individual likeness function 
has been defined as the function of quantity, price, and subjective 
quality, when price and subjective quality are assumed to be constants, 
the derivation is a simple procedure. 
3. Demand functions. Individual consumer's quantity demanded 
for a particular meat item is depicted as a function of the 
number of persons in the household, income, subjective quality 
and price. In addition, household demand for aggregate meat 
is related to price, subjective quality and likeness. Linear 
and logarithmic equations will be fitted to the same data. 
These equations are of the forms of: 
a. Linear function: 
D = g + hjZ^ + hgZg + ^ 3^3 + h^Z^ + e (19) 
b. Logarithmic function: 
Log 0 = log g' + h-,' log Z^ + hg' log Zg + hy log Z3 
+ h^' log Z^ + log e (20) 
where, D = quantity demanded, pounds per week 
Z^ = number of persons eating meals at home, per week 
Zg = index of subjective quality 
Z-j = per capita income before tax, per week 
Zjj = price, dollars per pound 
There are other forms of functional relationship of demand which 
have been estimated by use of household data such as Houthakker's semi-
logarithmic model, Tornqvist's models (6U) the modified Tornqvist's 
model proposed by Fisk (18), and the log normal model proposed by 
Aitchison and Brown (2,3). All of these have not been applied in this 
Ui 
study, however, due to the lack of time and available fund. These models 
have been summarized in Appendix D. For the detailed discussions, readers 
can easily find them in the literature cited in this report. 
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EMPIRICAL RESULTS 
Factors Considered by Consumers When 
Selecting Food Stores and Meat Items 
Discovery of the factors considered by consumers for selecting food 
stores and meat items is a major task for acquiring some insight regarding 
subjective quality and consumer's preference. The discovery of these 
factors could give a better understanding of the standards or frames of 
reference used by consumers for evaluating quality and reporting prefer­
ences as well as the reasons underlying the consumer's patronage toward 
certain food stores. Further, these findings would provide some infor­
mation for improving marketing practices and product designs to better 
satisfy consumers' desires. 
Factors considered for selecting meat items 
Purchasers were asked to report three factors considered, in order 
of importance, for selecting meat items. Sixteen factors were named by 
purchasers. The scale values and dispersions of these factors are shown 
in Table 10 and Figure 3- Grade, quality, and health value, were the 
most important factors for making the selection, since they show the 
largest scale values. 
General selection of food store 
Purchasers were also requested to list the factors considered in 
selecting the food stores which they patronized. Twenty-four factors 
were mentioned, for which a frequency distribution is shown in Table 11. 
Among these factors, quality, proximity of store, and price were the most 
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Table 10. Scale values and dispersions of factors considered by consumers 
for selecting meat items, Marshalltown consumer panel, i960 
Factor Scale value Dispersion 
Grade 2.682 .557 
Quality 2.679 lu 050 
Health, nutrition 2.601 .668 
Meals of day 2.001 .726 
Freshness 1.972 .532 
Tenderness 1.921 1.308 
Color 1.770 .557 
Fat 1.707 .659 
Like, taste 1.696 .718 
Bone 1.582 • 315 
Food store 1.1+13 1.528 
Appearance 1.357 .1+38 
Cut 1.225 .516 
Variety 1.151 1.528 
Dish 
.911 .301+ 
Miscellaneous .859 1.308 
frequently mentioned. Since factors reported were not ordered, scale 
values and dispersions could not be computed. 
Selection of food store for meat items 
Thirteen factors were also named in selecting food stores specif­
ically with reference to the purchase of meat. Quality, butcher service 
and freshness were most commonly mentioned factors. That consumers 
preferred butcher service might be due to the greater choice offered by 
this type of service in choosing the item with the exact quality, size 
and cut desired. The frequency distribution of the factors is presented 
in Table 12. 
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GRADE 
QUALITY 
HEALTH, NUTRITION 
MEALS OF DAY 
FRESHNESS 
TENDERNESS 
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FAT 
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Figure 3. Scale values of factors considered by consumers 
for selecting meat items, Marshalltown consumer 
panel, I960. 
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Table 11. Distribution of factors considered by consumers for selecting 
food store, Marshal Itovm consumer panel, i960 
Frequency 
Factor Number Percent 
Quality 41 18.30 
Closeness 36 16.10 
Price 25 11.20 
Varieties 19 8.50 
Brands 19 8.50 
Courtesy 11 4.90 
With stamps 11 4.90 
Habit 10 4.50 
Bakery 8 3.60 
Service 7 3.10 
Better vegetables 6 2.70 
Personnel 5 2.20 
Cleanness 5 2.20 
Freshness 4 1.80 
Parking place 3 1.30 
Wide aisles 3 1.30 
Packing and display 2 0.90 
Unwrapped meat 2 0.90 
Nice frozen department 2 0.90 
Cut 1 0.44 
No stamps 1 0.44 
Mot selling beer 1 0.44 
No advertising 1 0.44 
Good assortment 1 0.44 
Totals 224 100.00 
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Table 12. Distribution of factors considered by consumers for selecting 
food store for meat items, Marshalltown consumer panel, I960 
Frequency 
Factor Number Percent 
Quality 61 i4O.il 
Butcher service 22 lit.6 
Freshness 19 12.6 
Cut lit 9.3 
Price 8 5*3 
Varieties 6 U.O 
Service 5 3.3 
Brands 3 2.0 
Appearance 3 2.0 
Closeness 2 1.3 
Stamps 2 1.3 
Handy 2 1.3 
Miscellaneous U 2.6 
Totals TFT 100.0 
Subjective Quality of Meat Items 
The data, of subjective quality of meat items was collected by asking, 
"What was your opinion on the quality of each meat item purchased this 
week?" Respondents simply checked one of the five-ordered categories 
from extremely low to extremely high for each item. Based on these 
frequency distributions, scale values and dispersions of subjective 
quality of meat items purchased during the first week of survey were 
computed by the method of successive intervals. 
Scale values and dispersions of subjective quality 
The scale values and dispersions of subjective quality are summarized 
in Table 13 and Figure Ita. As shown in the table and figure, purchasers 
rated roast beef and wieners as highest in quality, sirloin next, and 
chipped beef third. Pork liver was rated lowest in quality. Moreover, 
the quality of roast beef was three times higher than that of pork liver. 
In addition, chuck roast was with the smallest dispersion, while ham and 
spareribs were the largest one. 
Factors for evaluating quality 
More detailed questions were asked concerning the factors considered 
by consumers for evaluating the quality of certain items. 
As shown in Table lit and Figure $a, the respondents were queried 
regarding the importance of five factors — color, fat, bone, grade and 
brand — in evaluating the quality of meat items purchased. The order 
of importance of factors in evaluating quality was different from item 
to item. For instance, when evaluating the quality of ground beef and 
hamburger, the respondents listed color as the most important factor, 
then fat and grade. For round steak, bone was the most important one, 
then color, fat and grade, and for bacon and pork chops, fat was the most 
important one. 
Preference for Meat Items Consumed 
Respondents' preferences for items consumed in the first week of 
survey was obtained by asking, "How much did you like or dislike 
(preference) each of the meat items served this week?" Respondents simply 
checked one of the five ordered categories from like extremely to dislike 
extremely. Scale values and dispersions were computed by the same method 
used for scaling quality, and are shown in Table 15 and Figure Ijb. 
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Table 13. Scale values and dispersions of subjective quality of meat 
items, Marshalltown consumer panel, I960 
Meat item Scale value Dispersion 
Roast beef 2.1+06 1.538 
Wieners 2.U06 0.830 
Sirloin steak 2.379 1.583 
Chipped beef 2.228 0.511+ 
Ground round steak 2.051 1.895 
T-bone steak 2.036 0.715 
Round steak 1.992 0.761 
Beef liver 1.992 0.539 
Bacon 1.697 0.1+95 
Roast pork 1.682 0.6L9 
Pork chops 1.638 0.628 
Ham .and spareribs 1.638 2.911 
Chuck roast 1.606 O.hlô 
Ground beef and hamburger 1.579 0.611 
Stewing beef, boiling beef 1.U90 0.652 
Cured ham, sausage 1.1+75 0.516 
Other cold cuts 1.1+31 0.L96 
Pork steak 1.31+2 0.823 
Bologna 1.195 1.267 
Boneless chops tenderloin 0.752 1.877 
Pork liver 0.752 1.233 
Figure U. Scale values of quality of and preference (likeness) for meat items, Marshalltown 
consumer panel, i960. 
a. Quality. 
b. Preference (likeness). 
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Table lit. Scale values and dispersions of factors considered by consumers 
for evaluating quality of four meat items, Marshalltown 
consumer panel, I960 
Meat item Factor Scale value Dispersion 
Ground beef and hamburger Color 2.022 .850 
Fat 1.661 -5Ui 
Grade 1.527 1.009 
Round steak Bone 2.057 .999 
Color 1.983 1.087 
Fat 1.857 1.11*6 
Grade 1.576 .958 
Bacon Fat 1.797 1.102 
Color 1.756 1.236 
Brand 1.630 1.090 
Pork chops Fat 2.217 1.086 
Color 2.11+0 1.069 
Bone 1.673 .828 
Scale values and dispersions 
The preference for meat items ranged from the largest scale value 
obtained for T-bone steak, to the smallest scale value for pork liver. 
Respondents liked T-bone steak about eight times as much as pork liver. 
Beef liver, moreover, involved the largest dispersion, while the smallest 
dispersion was for cold cuts. 
Factors for evaluating preference 
The consumer panel was queried regarding the importance of tender­
ness, flavor, texture and ease of preparation in evaluating eating prefer­
ence for selected meat items. The order of the importance of these factors 
also was different from item to item. Tenderness, however, was the most 
5i 
Table 15. Scale values and dispersions of perference (likeness for meat 
items, Marshalltown consumer panel, I960 
Meat item Scale value Dispersion 
T-bone steak 2.U25 0.663 
Sirloin steak 2.267 0.72k 
Roast beef 2.215 0.733 
Round steak 2.057 1.338 
Roast pork 1.967 0.750 
Ground round steak 1.952 1.256 
Chuck roast 1.929 1.513 
Boneless chops, tenderloins 1.899 0.839 
Pork chops 1.779 0.542 
Bacon 1.779 1.6U8 
Ground beef and hamburger 1.719 0.527 
Ham and spareribs 1.601+ 1.765 
Cured ham and sausage 1.601+ 0.51+6 
Stewing beef, boiling beef 1.565 1.810 
Beef liver 1.501 1.939 
Wieners 1.399 0.691 
Bologna l.li+2 0.1+60 
Other cold cuts 1.116 0.1+32 
Chipped beef 1.073 1.296 
Pork steak 1.078 0.591 
Pork liver 0.328 0.936 
Figure $. Scale values of factors considered by consumers for 
evaluating quality of and preference (likeness) for 
the selected items, Marshalltown consumer panel, I960. 
a. Quality. 
b. Preference (likeness). 
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Table 16. Scale values and dispersions of factors considered by consumers 
for evaluating preference (likeness) for four meat items, 
Marshalltown consumer panel, i960 
Meat items Factors Scale values Dispersions 
Ground beef and hamburger Tenderness 2.557 1.711 
Flavor 2.355 0.703 
Texture 2.226 0.642 
Ease of preparation 1.609 0.472 
Round steak Tenderness 2.760 1.567 
Flavor 2.Wl2 1.852 
Texture 2.331 2.105 
Ease of preparation 2.006 1.695 
Bacon Flavor 2.500 0.545 
Tenderness 2.160 0.588 
Texture 2.223 0.688 
Ease of preparation 1.935 0.544 
Pork chops Tenderness 2.81k 0.813 
Texture 2.339 0.750 
Flavor 2.282 0.656 
Ease of preparation 1.687 0.669 
important factor for all items except bacon, and ease of preparation was 
the least important one. Scale values and dispersions of these factors 
are shown in Table 16 and Figure 5b. 
Indexes of Subjective Quality of and Preference for the 
Selected Items in the Functional Relationships 
The indexes of quality and preference used in the analysis of the 
functional relationship for the selected items — ground beef and ham­
burger, round steak, bacon and pork chops — were different from those 
used for the analysis of the aggregate items. The indexes for the 
aggregate items are the scale values discussed in the previous sections. 
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For the selected items, however, the indexes are the corresponding normal 
deviates, transformed from the cumulative percentages, of the five 
categories or intervals of quality and preference. As shown in Table 17 
and Table 18, the first row, within each meat item, shows the original 
values of normal deviates, while the second row shows the transformed 
values by setting the values of the first interval (extremely low or 
dislike extremely) equal to one. This procedure does not change the 
distance between the two adjacent intervals, and preserves the order of 
intervals. The third row shows the logarithmic values of the transformed 
normal deviates. The distances between two adjacent intervals are also 
not equal. For instance, the distance between the interval of extremely 
low and that of moderately low in Table 17 is 0.546, while that between 
the interval of moderately low and that of neither low nor high is 1.555-
The computed values of intervals were assigned to each household 
according to the original categories checked. For example, if a house­
hold reported the quality of bacon being neither low nor high, which is 
the third interval, then 3.101 was assigned to the household for repre­
senting its opinion on the quality of bacon purchased. The same proce­
dure was applied to quantify preference. 
It should be noted that the transformed normal deviate (and, hence, 
the corresponding logarithmic value) of the interval of extremely high, 
(or of like extremely) is different from item to item, while the values 
of any other intervals are equal for all items. This pattern occurs 
because the normal deviates of the last interval were derived from the 
cumulative distributions at the middle points rather than at the end 
points of the interval. However, the details at this point are omitted. 
Table 17. Normal deviates of corresponding intervals of subjective quality of four meat items, 
Marshalltown consumer panel, i960 
Extremely Moderately Neither low Moderately Extremely 
Meat item Value low low nor high high high 
Ground beef and hamburger Original -1.518 -0 .972 0.583 1.053 1.476 
Transformed 1.000 1 .546 3.101 3.571 • 3.994 
Logarithmic 0.000 0 .189 0.492 0.553 0.601 
Round steak Original -I.7O6 -1 .160 0.395 0.865 1.341 
Transformed 1.000 1 
-546 3.101 3.571 4.0U7 
Logarithmic 0.000 0 .189 0.492 0.553 0.607 
Bacon Original 
-1.563 -1 .017 0.538 1.008 1.405 
Transformed 1.000 1 .546 , 3.101 3.571 3.968 
Logarithmic 0.000 0 .189 0.492 0.553 0.599 
Pork chops Original 
-1.583 -1 .037 0.518 0.988 1.405 
Transformed 1.000 1 .546 3.101 3.571 3.988 
Logarithmic 0.000 0 .189 0.492 0.553 0.601 
Table 18. Normal deviates of corresponding intervals of preference for four meat items, 
Marshalltown consumer panel, I960 
Meat item Value 
Dislike Dislike 
extremely moderately 
Neither dis­
like nor like 
Like Like 
moderately extremely 
Ground beef and hamburger Original -1.913 -1.913 -0.062 0.816 1.341 
Transformed 1.000 1.000 2.851 3-729 4.254 
Logarithmic 0.000 0.000 O.U55 0.572 0.629 
Round steak Original -2.071 -2.071 -0.220 0.658 0.954 
Transformed 1.000 1.000 2.851 3.729 4.025 
Logarithmic 0.000 0.000 0.455 0.572 0.605 
Bacon Original -1.883 -1.883 -0.032 0.81+6 1.476 
Transformed 1.000 1.000 2.851 3.72? 4.359 
Logarithmic 0.000 0.000 0.455 0.572 0.639 
Pork chops Original 
-1.905 -1.905 -0.054 0.824 1.341 
Transformed 1.000 1.000 2.851 3.729 4.246 
Logarithmic 0.000 0.000 0.455 0.572 0.628 
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Functional Relationships 
The fundamental relationships among several variables, such as 
quantity, price, subjective quality, preference (likeness), income, and 
family size were investigated in two parts, namely, in terms of prefer­
ence functions and demand functions. The former dealt with the relation­
ship between preference and quantity, price and subjective quality, while 
the later dealt with the relationship between quantity and family size, 
income, price and subjective quality. The concept of product acceptabil­
ity discussed earlier could not be applied directly in the functional 
analysis. However, the alternative procedure of decomposing this concept 
into the two distinguishable variables of price and subjective quality 
was adopted. 
Product acceptability 
As defined earlier, product acceptability is the correlation (ranged 
from -1 to 1) between price and subjective quality. Some estimates of 
this correlation have been made for the aggregate items as well as for 
the selected items. For all meat, this correlation was about 0.60 
(Table 19). The higher the price, the higher was the quality evaluated 
by consumers. Since the sign of this correlation was positive, all meat 
was acceptable. By comparing the magnitudes of the correlation, the 
acceptability of beef was about 3D percent higher than that of pork. The 
acceptability of the individual items, however, was lower than that of 
aggregate items. 
Preference (likeness) functions 
Functions The equations of preference, linear, logarithmic and 
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Table 19. Product acceptability (correlation between price and sub­
jective quality) of meat items, Marshalltown consumer panel, 
I960 
Meat item 
Correlation 
computed from 
actual values 
Correlation 
computed from 
logarithmic values 
All meat 0.583 0.602 
Beef 0.655 0.740 
Pork 0.492 0.512 
Ground beef and hamburger 0.225 0.225 
Round steak -0.258 -0.279 
Bacon 0.121 0.053 
Pork chops 0.359 0.313 
semi-logarithmic, were fitted to the empirical data of aggregate and 
individual items. 
The relationship between preference and consumption, in general, 
was positive, except for pork items (Table 20, Figures 6a and 7). This 
result implies that the greater the consumption of meat, the more was 
likeness associated with consumption at a constant or a diminishing rate. 
The greater likeness was also accompanied by higher price, except for 
beef and bacon. Subjective quality and likeness changed directly, except 
for ground beef and hamburger. Hence, higher consumption, subjective 
quality and price would serve as indicators of consumer's preferences 
for meat. 
The multiple correlations R2 of the estimated functions were rather 
Table 20. Estimates of regression coefficients of preference functions for meat items, 
Marshalltown consumer panel, I960 
Explanatory variables 
Subjective 
R2 Meat itern Function Consumption Price quality Constant N 
(pounds) (dollars) (index) 
All meat Linear 0.340 0.193 0.334 0.389 0.472 21 
Log 0.354 0.354 0.465 -0.621 0.467 21 
Semi-log 1.414 1.151 0.870 -0.877 0.568 21 
Beef Linear 0.300 -O.406 0.442 0.743 0.573 10 
Log O.38O -O.151 0.445 0.324 0.687 10 
Semi-log 1.483 -O.244 1.860 1.4 33 0.687 10 
Pork Linear -0.226 3.926 0.297 -0.822 0.763 8 
Log -0.46? 2.363 0.409 -3.982 0.849 8 
Semi-log -1.014 5.219 0.541 -7.534 0.825 8 
Ground beef and hamburger Log 0.065 0.401 -0.041 0.644 0.094 42 
Semi-log 0.383 1.983 -0.114 3.929 0.066 42 
Round steak Log 0.052 0.256 0.076 0.513 0.060 17 
Semi-log 0.367 1.636 0.580 3.276 0.054 17 
Bacon Log 0.020 -0.121 0.139 0.447 0.115 35 
Semi-log O.loO 
-0.955 1.115 2.771 0.113 35 
Pork chops Log 0.055 0.006 0.089 0.518 0.142 20 
Semi-log 0.443 0.029 0.743 3.316 0.153 20 
Figure 6. Semi-log functions of preference (likeness) and marginal preference for the aggregate 
beef and pork, Marshall town consumer panel, I960. 
a. Preference (likeness). 
b. Marginal preference (likeness). 
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low. Generally, when the least-squares method of regression is used 
p 
with household-data, the R is low compared with the same regression 
fitted to time series since there are numerous sources of variation in 
household-data. These sources of variation would be eliminated if the 
derived time series were based on aggregating household-data. The 
process of aggregation, such as weighing or averaging, tends (a) to 
eliminate the sources of variation in household-data, and (b) to form­
ulate a new variable based on a number of other variables, which thus 
p 
increases the magnitude of R . 
The multiple correlation coefficients in logarithmic and semi-
logarithmic functions were higher than those in the linear functions. 
This observation suggests the hypotheses that the likeness index increases 
with diminishing rate. 
Marginal preferences Marginal preference is defined as the units-
change in preference (likeness) associated with a one unit-change in a 
related variable, e.g., quality, while other variables are constants, 
e.g., mean values. Marginal preference is the first partial derivative 
of the preference function. When the equation is linear in actual values, 
marginal preference is a constant equal to the regression coefficient. 
In logarithmic and semi-logarithmic equations, marginal preferences are 
not constants, but vary for different values of the related variables. 
The computations show that the marginal preference derived from the 
semi-logarithmic equation was higher than that derived from the loga­
rithmic equation (Table 21, Figure 8). Marginal preferences decreased 
rapidly at the lower level and slowly at the higher level of consumption 
and quality. Change in likeness derived from the change in price was 
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Table 21. Estimates of marginal preferences for meat items, Marshalltown 
consumer panel, i960 
Explanatory variables 
Meat item Function Consumption Price 
Subjective 
quality 
(pounds) (cents) (index) 
All meat Linear 
Log 
Semi-log 
0.340 
0.356 
0.872 . 
0.002 
0.009 
0.017 
0.334 
0.467 
0.511 
Beef Linear 
Log 
Semi-log 
0.300 
0.373 
0.779 1 
1 
1 
0
0
0
 
0
0
0
 
0.442 
0.421 
0.946 
Pork .Linear 
Log 
Semi-log 
-0.226 
-0.465 
-0.667 
0.039 
0.062 
0.091 
0.297 
0.449 
0.394 
Ground beef and hamburger Log 
Semi-log 
0.156 
0.480 
0.015 
0.038 
-0.052 
-0.075 
Round steak Log 
Semi-loc 
0.136 
0.463 
0.006 
0.020 
0.092 
0.340 
Bacon Log 
Semi-log 
0.074 
0.312 
-0.004 
-0.017 
0.167 
0.714 
Pork chops Log 
Semi-log 
0.194 
0.620 
0.0002 
0.0004 
0.107 
0.470 
considerably lower than that derived from the changes in other related 
variables. Figure 6b also shows that the marginal preference for beef, 
with respect to subjective quality, was greater than that for pork. 
Preference elasticities Preference elasticity is defined as 
the percent change in preference associated with a 1 percent change in 
a related variable. The regression coefficients of the logarithmic 
equation yield directly the constant elasticities of preference. In the 
Figure 8. Functions of marginal preference (likeness) for the selected items, Marshalltown 
consumer panel, I960. 
a. Semi-logarithmic function. 
b. Logarithmic function. 
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linear and semi-logarithmic equations, however, the derived elasticities 
are not constants. 
The elasticities of preference for aggregate meat and the selected 
items were less than unity, except the elasticity with respect to price 
in case of pork and ground beef (Table 22). The inelastic preference for 
meat indicates that a greater effort made in increasing the quantity 
consumed, and in improving the quality, which would raise the price, 
results in a less than proportionate increase in consumer's preference. 
In the case of pork, however, an improvement in the quality of pork, if 
the price were considered as the index of the quality, could result in 
a greater increase in consumers*s preference for pork, since the elas­
ticity of preference for pork, with respect to price, was greater than 
unity. 
Indifference functions of preference 
Indifference functions of preference for the selected items were 
derived, and their maps are shown in Figures 9 and 10. As discussed 
earlier, the aggregate preference for these items was assumed to be the 
arithmetic mean of the functions of preference for the individual items 
in the form of equation (18). Since, the preference for the individual 
item was assumed to be related with the quantity consumed, subjective 
quality and price, hence, the aggregate preference for the selected items 
L could be expressed as follows: 
(21) 
where, x.^ • consumption of i th item 
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Table 22. Estimates of elasticities of preferences for meat items, 
Marshalltown consumer panel, I960 
Explanatory variables 
Meat item Function Consumption Price Quality 
All meat Linear 
Log 
Semi-log 
0.337 
0.354 
0.864 
0.080 
0.354 
0.703 
0.347 
0.485 
0.532 
Beef Linear 
Log 
Semi-log 
0.306 
0.380 
0.792 
-0.I70 
-O.I51 
-O.I3O 
0.467 
0.445 
0.998 
Pork Linear 
Log 
Semi-log 
-0.228 
-0.469 
-0.673 
1.504 
2.363 
3.465 
0.271 
0.409 
0.359 
Ground beef and hamburger Log 
Semi-log 
0.065 
0.200 
0.401 
1.037 
-0.041 
-0.060 
Round steak Log 
Semi-log 
0.052 
0.177 
0.256 
0.887 
0.076 
0.280 
Bacon Log 
Semi-log 
0.020 
0.085 
-0.121 
-0.507 
0.139 
0.592 
Pork chops Log 
Semi-log 
0.055 
0.233 
0.006 
0.015 
0.089 
0.390 
x^2 * index of subjective quality of i th item 
xi3 = Price of i th item 
i « 1, 2, 3, 4, number of items 
The indifference function was obtained by assuming L as given, and 
x's as mean values of the variables, except a pair of x's, e.g., x^ and 
%21" Thus, equation (21) becomes the following form: 
= g(%2i) (22) 
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or, in general, 
xil " 9(xji), (23) 
where, j = 1, 2, 3, 4, but i / j. 
Equation (23) gave the various combinations of quantity demanded 
for any two selected items to obtain a given level of aggregate prefer­
ence. A similar procedure was applied in deriving all other indifference 
functions and maps for the selected items as well as for the aggregate 
beef and pork quantities. 
The curves marked by A in the indifference maps were drawn by 
assuming any two functions of preference for the items being equal, e.g., 
The x's in the equation (210 were also assumed to be the mean values, 
except a pair of the x's. Then, 
The curve A indicates, that the preference or likeness derived from 
consuming a given quantity of round steak, for instance, was equal to 
that of pork chops. 
Indifference maps, Figures 9 and 10, show that the aggregate prefer­
ence for the selected items increased, in general, when (a) the con­
sumption of the items increased, (b) the subjective quality of the items 
was higher, and (c) the price of the items was higher. In certain cases, 
li(%il, *12, *13) " lj(Xjl, *j2,Xj3)' (2k)  
li(Xii) - Ij(Xji) 
2i(*i2) " Ij(xjg) 
l^(x^) = Ij(xjj). (25) 
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Figure 9. Indifference maps of the selected items with respect to quantity and quality, 
Marshalltown consumer panel, I960. 
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the indifference maps do not show the conventional shape (convex to 
origin). For example, the indifference map of subjective quality of pork 
chop and ground beef shows that the aggregate preference would be higher 
when the subjective quality of pork chop was higher but that of ground 
beef would remain unchanged. However, the aggregate preference would 
not increase, if the subjective quality of ground beef was higher while 
that of pork chops was kept at a constant. Similar reasoning can be 
applied to the other maps showing non-conventional shapes. 
The indifference maps (Figure 11) of the aggregate beef and pork 
indicate that the aggregate preference would increase, if (a) the con­
sumption of beef increased while that of pork decreased or kept at a 
constant, (b) the subjective quality of pork and beef was higher, and 
(c) the price of pork increased while that of beef was kept at a constant. 
The last situation may be interpretated further as if price were supposed 
to be an index of quality and hence, when the quality of pork was 
improved, the aggregate preference would attain a higher level. Mean­
while, the quality of beef would remain at the given level. 
Demand functions 
Product acceptability was decomposed into two principal components ; 
Price (as an index of quality evaluated by producer, marketing firm and 
others) and subjective quality (as .an index of quality evaluated by 
consumer). The effects on quantity demanded of these components, as 
well as of household size and income, were examined. 
Functions Linear and logarithmic forms of demand equations have 
been estimated. Both consumption and purchase were employed as the 
0.5 1.0 1.5 2.0 
QUANTITY OF BEEF (POUNDS) 
0.5 1.0 1.5 2.0 
QUALITY OF BEEF (INDEX) 
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Figure 11. Indifference maps of the aggregate beef and pork with respect to quantity, 
quality and price, Marshalltown consumer panel, I960. 
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dependent variable. 
The relationship between quantity demanded and price, subjective 
quality and preference (likeness) were investigated for aggregate meat, 
beef and pork. The data used in estimating the aggregate models were 
the average values per household. In estimating the demand relationships 
for the selected items, however, the data used were the average values 
per capita. In addition, household size and weekly income were included 
but preference was excluded from these relationships. The numerical 
results are shown in Table 23. 
The relationship between quantity and price was negative except for 
pork. This satisfied the conventional hypothesis that quantity and price 
change in the opposite direction. The case of pork (and several related 
items) may be explained as quality, by assuming price as an index of 
quality, and quantity changed in the same direction, i.e., quantity 
demanded for pork tended to increase as quality improved and vice versa. 
Subjective quality and quantity changed in the same direction, 
except for pork chops and the logarithmic equations of beef. Quantity 
demanded for item increased as the quality evaluated by consumers was 
higher. 
In the aggregate equations, a greater preference for meat or beef 
was associated with a larger quantity demanded. This relationship was 
reversed, however, in the case of pork. 
The negative relationship between the per capita quantity demanded 
for the item and the household size was stable. The per capita quantity 
demanded for meat decreased as the household size became large. One 
explanation for this phenomenon may be that when the size of family 
Table 23. Estimates of regression coefficients of demand functions for meat items, Marshalltown 
consumer panel, i960 
Subjective Prefer­ Household 
Meat item Function Price • quaiity ence size Income Constant R2 N 
(dollars) (index) (index) (number)(dollars) 
All meat Linear 
Purchase -0.996 0.167 0.801 — — — —— —» 0.718 0.259 21 
Consumption -0.381 0.076 0.8U5 — — — — —— 0.366 0.3k9 21 
Log 
Purchase 
-I.237 0.69k O.U78 ——— — — 2.17k 0.k29 21 
Consumption -O.26O 0.007 0.U9U -~  —— 0.551 0.208 21 
Beef Linear 
Purchase -1.065 0.553 1.351 — — — ——— -0.969 0.389 10 
Consumption -0.206 0.011 1.1*57 — —— — — — -0.682 0.515 10 
Log. 
-O.632 Purchase -0.136 2.116 — — — — 0.85k 0.709 10 
Consumption 0.0U3 -0.519 1.67k — -0.131 0.658 10 
Pork Linear 
Purchase 1.20b 0.506 -0.318 — — —• wn. 0.695 0.20k 8 
Consumption 1.933 0.37b -0.39k •  — — — o.kB5 0.205 8 
Log 
Purchase 0.6kl 0.U15 -0.303 — — — — —a -0.9k0 0.295 8 
Consumption 1.01k 0.313 -0.386 — — — — 
-I.595 0.273 8 
Table 23. (Continued) 
Explanatory variables 
Meat item. Function Price 
Subjective 
quality 
Prefer­
ence 
Household 
size Income Constant R2 w 
(dollars) (index) (index) (number)(dollars) 
Ground beef Linear i 
and hamburger Purchase -1.016 0.133 — — —  -O.II7 0.005 i.lbB 0.318 b3 
Consumption -0.8^ 0 0.138 — — —  -0.072 0.005 0.916 0.256 61 
Log 
Purchase 
-0.365 O.I18S —  — —  -0.377 -0.090 2.512 0.357 b3 
Consumption -0.386 -0.1U5 -O.217 0.129 2.b68 0.175 61 
Round s te alt Linear 
Purchase -1.090 0.192 -0.2b5 -0.002 1.891 0.627 17 
Consumption -1.U58 0.130 —  — —  -0.167 -0.001 2.27b 0.326 2b 
Log 
Purchase -0.966 0.83L -1.733 -0.553 4.839 0.695 17 
Consumption 
-1.8b5 o.52b —  — —  -0.922 -O.323 6.071 0.b90 2b 
Bacon Linear 
Purchase -1.089 0.013 -0.206 0.007 l.bôo 0.359 39 
Consumption 
-0.370 0.031 — —  —  -0.112 0.003 0.805 0.256 5b 
Isa 
-O.Ull Purchase 0.165 — — —  -0.226 0.395 1.829 0.369 39 
Consumption 
-0.163 0.237 — ~ -0.213 -O.O55 1.979 0.091 5k 
Pork chops Linear 
Purchase 0.197 -0.07b —  —  —  -O.O68 0.002 0.697 0.2bl 20 
Consumption 0.129 -0.119 — —  —  -0.080 -O.OOOO5 1.001 0.253 29 
Log 
-0.255 Purchase -0.061 
-0.665 -0.bi5 3.lbo 0.081 20 
Consumption -0.093 -0.1b3 ~ —  ~o.5bl -0.219 2.506 0.097 29 
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became large, the preferences of household members for meat tended to be 
diversified, hence, a greater number of meat items was demanded with the 
given amount of food expenditure, and per capita share of quantity of a 
given item became smaller.. In addition, per capita income was smaller 
for the larger households which tended to reduce per capita meat con­
sumption. 
The effects of income on quantity demanded for the selected items 
were negative in most cases. This contradicts the conventional hypothesis 
that quantity demanded of a goods changes in the same direction with 
income, if the goods is not inferior. 
Marginal quantity demanded Marginal quantity demanded is defined 
as the unit change in quantity (consumption or purchase) associated with 
a one-unit change in a related variable, e.g., household size. The 
magnitudes of marginal quantity demanded for aggregate meat and beef with 
respect to the change in preferences were the largest, but those for pork 
were the largest with respect to the change in subjective quality 
(Table  2h) .  
Demand elasticities Demand elasticity is defined as the percent 
change in quantity demanded associated with a 1-percent change in a 
related variable. Demand elasticities with respect to the related 
variables, such as household size, price, income, subjective quality 
and preference, were computed at their mean values. The absolute values 
of demand elasticities were less than unity in most cases, except the 
demand elasticity with respect to the preference for aggregate beef and 
price elasticity of demand for round steak. The elasticities of demand 
for beef were greater than those for pork. In general, the demand for 
meat was inelastic (Table 2$). 
Table 2b. Estimates of marginal quantity demanded for meat items, Harshalltown consumer panel, 
I960 
Explanatory variables 
Meat item Function Price 
(cents) 
Subjective 
quaii ty 
(index) 
Preference 
Household 
size 
(number) 
Income 
(dollars) 
All meat 
Beef 
Pork 
Linear 
Purchase 
Consumption 
Log. 
Purchase 
Consumption 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
-0.010 
-0.00b 
-O.O3O 
-O.OO6 
-0.011 
-0.002 
-O.OI5 
0.001 
0.012 
0.019 
0.018 
0.027 
0.167 
0.076 
O.069 
0.006 
0.553 
0.011 
-0.125 
-0.051 
0.506 
0.37b 
0.U85 
0.316 
(index) 
0.801 
0.8U5 
0.179 
O.U89 
1.351 
1.U57 
2.059 
1.706 
-0.318 
-0.39b 
-O.323 
-0.389 
Table 2k .  (Continued) 
Explanatory variables 
Meat item Function Price 
(cents) 
Subjective 
quaiity 
(index) 
Preference 
(index) 
Household 
size 
(number) 
Income 
"(dollars) 
Ground beef 
and hamburger 
Round steak 
Bacon 
Pork chops 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
-0.011 
-0.009 
-0.00$ 
-0.006 
-0.011 
-0.015 
-0.007 
-0.016 
-0.011 
-o.ook 
-0.005 
-0.002 
0.002 
0.001 
-0.002 
-0.001 
0.133 
0.138 
-0.1U8 
-0.0Ù6 
0.192 
0.130 
0.189 
0.13k 
0.013 
0.031 
0.037 
0.039 
-0.07k 
-0.119 
-0.013 
-0.030 
-0.117 
-0.072 
-0.09k 
-0.056 
-0.2k5 
-0.167 
—0.kkk 
-0.259 
-0.206 
-0.112 
-0.062 
-o.oko 
-0.068 
-0.080 
-o.uk 
-0.09k 
0.005 
0.005 
-0.002 
0.003 
-0.002 
-0.001 
-0.007 
-0.005 
0.007 
0.003 
0.007 
-0.001 
0.002 
-0.0001 
-0.005 
-0.003 
Table 25. Estimates of elasticities of demand for meat items, Harshalltown consumer panel, i960 
Meat item Function Price 
Subjective 
quality-
Explanatory variables 
Household 
Preference size Income 
All meat Linear 
Purchase -O.ltlU 0.176 
Consumption -0.157 0.079 
Purchase -1.237 0.69k 
Consumption -0.260 0.007 
0.609 
0.8U3 
0.k78 
0.J+9U 
Beef Linear 
Purchase -O.U56 0.600 
Consumption -0.08k 0.012 
Log 
Purchase -O.632 -0.136 
Consumption 0.0k3 -0.519 
1.387 
1.U31 
2.116 
1.67k 
Pork Linear 
Purchase 
Consumption 
Log 
Purchase 
Consumption 
O.k32 
0.733 
0.6U1 
1.01k 
0.k33 
0.336 
0.U15 
0.313 
-0.296 
-0.390 
-0.303 
-0.366 
\ 
Table 25. (Continued) 
Subjective Household 
Meat item Function Price quality Preference size Income 
Ground beef 
ans hamburger 
Round steak 
Bacon 
Pork chops 
Linear 
Purchase -0.690 
Consumption -0.558 
Log 
Purchase -0.365 
Consumption -0.386 
Linear 
Purchase -1.U39 
Consumption -1.719 
Log 
Purchase -0.986 
Consumption -1.8U5 
Linear 
Purchase -0.858 
Consumption -O.I1O3 
Log 
Purchase -O.kll 
Consumption -O.I63 
Linear 
Purchase 0.286 
Consumption 0.185 
i°a 
Purchase -0.255 
Consumption -0.093 
0.135 
O.U35 
0.L85 
-0.1U5 
0.81 
0.507 
0.831 
0.52k 
0.058 
0.189 
0.165 
0.237 
-0.359 
-O.573 
-0.061 
-0.11*3 
-O.U67 
-0.281 
-O.377 
-0.217 
-0.955 
-O.595 
-1.733 
-O.922 
-0.755 
-O.599 
-0.226 
-0.213 
-0.39k 
-o.k6o 
-0.665 
-o.5kl 
0.271 
0.251 
-0.090 
0.129 
-0.152 
-0.066 
-0.553 
-0.323 
O.k23 
0.2k7 
0.395 
-0.055 
0.163 
-o.ook 
-o.ki5 
-0.219 
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CONCLUSIONS" 
It was pointed out at the beginning that the consumer's preference 
was the key factor related to the design of market and product development 
programs for improving profit and sales position of business interprises. 
The particular scaling technique, namely the successive intervals 
method has been applied to measure (a) the consumer's preference for meat, 
(b) the quality of meat evaluated by consumers (subjective quality) and 
(c) the factors underlying the preference and the quality, e.g., flavor, 
color, etc. The measurements of the preference and the quality provided 
the possibility for investigating the functional relationships among the 
quantity demanded, the quality, and the preference and the other vari­
ables. In general, scaling techniques are employed to quantify psycho­
logical and sociological concepts. For marketing research, scaling 
techniques may be used to measure (a) consumers' satisfaction derived 
from consuming certain commodities and (b) consumers' opinions on product 
characteristics and marketing environments. The application of scaling 
techniques could extend the areas of economic analysis to include some 
sociological and psychological variables. Hence, a more adequate explan­
ation of economic behavior may be attained. 
The significant result for market and product development programs 
obtained from this study is that the consumer's preference and demand 
for meat, in general, were inelastic. This indicates (a) that the percent 
change in consumer's preference or likeness was smaller than that in sub­
jective quality, price and quantity, and (b) that the percent change in 
quantity demanded was smaller than that in quality, price, household size 
and income. This implies that the improvement in the quality of meat 
resulting from the programs of market and product development would 
increase the consumers1 preference and demand for meat in a relatively 
smaller percentage than the percentage of the increase in the quality 
level. The effects of improving in quality of competitive foods of meat 
on the consumer's preference and demand, however, were not examined. 
The elasticities of consumer's preference and demand for beef were 
greater than those for pork. Also, average price of and quantity demanded 
for beef were larger than those for pork. Empirical results also sug­
gested that improving the quality of pork would increase the consumer's 
preference, but not necessarily the quantity demanded. 
Since the actual data of physical quality of meat was not available, 
price was used as the alternative index of physical quality. Further 
researches might be done on the accurate determination of the effects of 
market and product development programs on the consumer's preference and 
demand for meat, if the data of physical quality could be obtained through 
the cooperation of marketing firms and producers. An index of physical 
quality could be constructed on the basis of scale values of quality 
attributes recognized by consumers such as, color, amount of fat, etc. 
On the other hand, an index of consumers preference could also be con­
structed on the basis of preference components such as tenderness, 
flavor, etc. If these indexes were established, together with the con­
sumer's opinions on the physical quality, the actual product acceptability, 
i.e., the correlation between the physical quality and its evaluation by 
consumers, could be estimated. Further, if costs of manipulating quality-
atrributes, preference-components, and other characteristics were 
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recorded, then, an optimal program could be achieved in the sense of 
maximizing profit or sales with a given level of consumer's preference 
or satisfaction. Finally, for an individual, an optimal combination of 
food items for maximizing satisfaction or nutritional level with a given 
level of quality could be experimented by the additional use of linear-
programming technique. 
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APPENDIX A 
The Foundation of Utility-
Utility is represented by a vector with real-valued components. The 
vectors are ordered lexicographically. If an axiom of comparing inten­
sities of preference is admitted, then the utility index must be unique 
up to transformations preserving group - derations. The axiom of sub­
stitution implies that utility is real valued. 
Axiom 1. (Axiom of order.) The set X is linearly ordered, if it is 
transitive, comparable and nonsymmetric. 
Theorem 1. The indifference is an equavilence relation I. 
Theorem 2. The preference relation P is a strong order. 
Axiom 2. (Axiom of density.) The set X is dense and double directed 
under the preference relation. 
Axiom 3. (Axiom of choice.) There is a one-to-one correspondence between 
the quotient set X and an ordinal number. 
Theorem 2. There exists an order homomorphism from the set X 
to the set £ is a real line and-/v. is an ordinal number. 
The ordering in the set is lexicographic. 
Axiom U. (Axiom of substitution.) If the ordered set X satisfies the 
Axiom 1, 2 and 3, then there exists an f-topology over X such 
that x = X-X is the only idempotent neighborhood H of I. 
Axiom i|! (Axiom of Archimedes.) If K is a bounded subset of x = X'X, 
then for all neighborhoods H of I. In the f-topology, there 
is an integer n such that HaK. 
Theorem 3 •" Axiom V is equivalent to Axiom ii. 
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Theorem lu If Axioms l-lj. are true, there exists an order 
homomorphism f of X into the real numbers Jl> . 
Axiom 5. (Axiom of intensity.) There exists a linear ordering G over 
the set x = X X, which is transitive, comparable and 
antisymmetric, such that, if 2- GfiG1 and B = Gflo] then 
(a) ( V x, y, u £ X) (dv£X) £ < x, y> E < u, v> 
(b) xRu and vRy imply x, y> G < u, v> 
(c) < x, u> G < y, v > implies < x, y>G< u, v> 
This yields a set of one-to-one correspondences in x, which is 
an ordered abelian group and therefore a group of automorphisms. 
If Axiom U holds, the group becomes an Archimedean ordered 
group, isomorphic to the real numbers. 
9h 
- APPENDIX B (£) 
Rational Choice Function and Demand 
Assumption. 
The domain of definition j3 (the class of sets X) of C(X) 
all finite sets. 
Definitions of relation. 
a. R is a weak ordering if 
(Rl) for all x and y, xRy or yRx, 
(R2) for x, y and z, xRy and yRz imply xRz 
x ,  y and z % X. 
Weak ordering allows indifference and transitivity of 
indifference. 
b. C(X) = |x/x £ X, xJty for all y%x} 
is the choice function derived from R. 
c. xRy = df. x t C(  ^x, y } ) is the relation generated by C(X). 
d. An x is revealed preferred to y (xPy)  if and only if, 
for some X i| , x t C(X) and y t X-C(X). 
e. An x is indirectly revealed preferred to y (xF*y) if and 
only if 3 %i(i=0, n) é x°=x, x^ =y and P x* 
(i=l, n). 
Definitions of rational choice functions. 
a. (CI). For all x and y, if 9 an X for which x £. C(X), y£C(X), 
then xP*y (the bar denotes negation). 
b. (C2). If XCY then X-C(X)CY-C(Y). 
Note: (CI) is a form of the Strong Axiom of Revealed Preference 
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due to Ville and Houthakker. 
c. (C3). If XCY, then C(Y) fi X C C(X). 
This is the same postulate proposed by Chern°ff. 
d. (CU). If XCY and C(Y)HX is non-null, then C(X) » C(Y)HX. 
e. (C$). If xFy, then 3 no Y £ x t  Y, y €-C(Y) , 
Note: (C5) is the definition of rationality by the Weak Axiom 
of Revealed Preference due to Samuelson. 
Theorems. 
a. Theorem 1. (Cl) implies (C2-£)j (Ci;) and (c5) are equivalent 
and imply (C2) and (C3) j (C2) and (C3) are equivalent. 
This theorem shows that the Strong Axiom of Revealed. Preference 
implies the Weak Axiom of Revealed Preference and Chernoff's 
postulate, and that the Weak Axiom of Revealed, preference implies 
Chernoff's postulate. 
b. Theorem 2. If R is a weak ordering, C(X) derived from R and R* 
the relation generated by C(X), then C(X) satisfies 
(Cl-5) and R1 S R. 
This theorem shows the implications from the assumption about 
ordering or indifference maps to the properties of demand functions 
or choice function. 
c. Theorem 3. If C(X) satisfies (Cl), (Ci|) or (c5), let R be the 
relation generated by C(X) and C*(X) the choice function 
derived from R, then R is a weak ordering and C1(X) = C(X). 
This theorem shows that the complete equivalence °f the Weak Axiom 
of Revealed Preference with the existence of an ordering or indif­
ference map from which the choice function can be derived. 
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APPENDIX C 
1. Comparative Judgment (59,61). 
a. Complete form of the Law of Comparative Judgment: 
si - sj " zij< Ci* <j-2rij *1 
Where, i=l, 2,  n 
j=l, 2, n 
i/j 
Si, Sj = the scale values of stimuli i and j. 
(fj = the discriminai dispersions of stimuli i and j. 
Y ij = the correlation between the pairs of discriminai 
processes dj and dj. 
Zij = the normal deviate corresponding to the pro­
portion of times stimulus i being judged 
greater than stimulus j. 
b. Two-way classification of special cases of the Law of Comparative 
Judgment. 
Thurstone presented five cases of the Law of Comparative Judgment. 
His 
Case I referred to the complete form of the law, 
Case II referred to a parallel law obtainable by substitution 
of replication over individuals for replication over trials 
'within a single individuals, and Cases III, IV and V denoted 
three special sets of equations which are formally identical 
with conditions A, B, and C, respectively, obtained from 
Analytical procedures 
Condition A Condition B Condition C 
Assume constant variance 
Assume equal correlations, of distributions of 
0 Assumptions Assume constant convariance small differences in dispersions discriminai differences 
Or 
O Class I 2 2 4* 
° (within S; - Si = Z;;(a, + a;)^  
"S individual) 
"S Class II 
 ^(between 
w individuals) 11 
h 
•a Class III 
u (mixed) " 
a, 
r-i 
cd 
-P 
g 
e 
V) Û) 
si - Sj = Zij( ?(1-T )) 
( (fi + <fj) 
Si - Sj c2 ij 
a? = $ \ - k 
aj " * j " k 
Class I 
Class II 
Models involving replication over trials within a single individual. 
Models involving replication over individuals, each pair of stimuli being compared once 
by each individual. 
Class III Models involving replication over both individuals and trials, each pair of stimuli 
being compared several times by each of several individuals. 
NO 
—0 
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various simplifying assumptions. 
No practical solution has been developed for condition A. 
2. Categorical Judgment (61). 
a. Law of Categorical Judgment is derived by replacing the assump­
tion of the Law of Comparative Judgment with the following 
assumptions: 
(1) The psychological continuum of the subject can be divided 
into a number of ordered categories. 
(2) Owing to various and sundry factors, a given category 
boundary also projects a normal distribution of positions 
on the continuum. Different category boundaries may have 
different mean locations and different dispersions. 
(3) The subject judges a given stimulus to be below a given 
category boundary whenever the value of the stimulus on 
the continuum is less than that of the boundary. 
The essential assumption is that the category boundaries behave 
like stimuli. 
The Law of Categorical Judgment is: 
Tg ~ sj = zgj( ^g + ~ 2 ^gj fg ^j)2 , m) 
(j=l, , n) 
Where, 
m + 1 = number of categories 
Tg = mean location of the g th category boundary 
() g = dispersion of the g th category boundary 
Ygj = correlation between momentary positions of stimuli 
j and category boundary g 
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Zgj = normal deviate corresponding to the proportion of 
times stimuli j being sorted velow boundary g. 
b. Two-way classification of special cases of the Law of 
Categorical Judgment. 
Response Approach (61). 
Deterministic model for categorical data. 
(1) "Weight" is value assigned to category and "score" is value 
assigned to subject. 
(2) Saying nothing about scores, solve for the best set of 
weight. This is to maximize the ratio of the variance 
between people (subjects) to the total variance. On the 
other hand, saying nothing about weight, solve for the 
best set of scores. This is to maximize the ratio of the 
variance between categories to the total variance. These 
two procedures are essentially equivalent. 
(3) Hosteller's derivation of assigning weights by the method 
of principal components. 
Let: i, i th subject 
j,k, j th or k th category 
N, total number of subjects 
n, total number of categories 
r, total number of responses for a given subject. 
x^ , weight assigned to category k 
(1, if subject i checks category k 
10, if subject i does not check category k 
Analytical procedures 
Condition A Condition B Condition C Condition 0 
Assumptions r9j 6g <J " c 
u
 
« 
<M 
OJ 
\o d2 = c <l] - k! 
r g j " °  c_.
 II o
 
'g " k2 
f g j  =  r  
1 
> 
•H CO CO Û) 
o 
u 3 CO 
CO • Û) u 
g j x  J g' g gj j 
 ^uClass I o p i. 
a, -.(within Tn - S, = Z n -Asl-  + b„)2 T - S • = Zn sa 
o ^  individual) 
A §» 
,-i w Class II 
c (between 
§ "** individual) 
•E rt 
gClass III 
w(Mixed) 
w 
Tg " sj 2gjbg ?9 ' Sj ' Z9JC 
Condition A is solvable only in theory. 
Condition B is formally identical with the equation underlying the general method of successive 
intervals. 
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Then, the score of subject i is 
fci = 7 T  eikxk 
k=l 
to total sum of squares is 
JM n 9 W , \2 
% = A I  ^(Z ti/J 
i k N 1 J 
the sum of squares between individuals is 
N, N x2 
R 
= ? ( ' 1 f *0 
the variance ratio to be maximized to 
=
2
" !  
and C is the corresponding correlation ratio. 
Differentiate equation (1;) with respect to xj gives, 
M 
n / ^  eijeik\ 
I f-| =rC Xj 
I / 
i 
W 
£ ei/ik 
Let, h;,„ = i jK jj 
then equation (5) is, 
f hjk\ •rc2 xj 
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In matrix notation, equation (6) is 
HX1 = rC2X! (7) 
Transposing, then 
X(H' - rC2I) = 0 (8) 
This is the characteristic equation. The latent vector desired 
is the vector corresponding to the second largest latent root of H*. 
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APPENDIX 0 
Demand Models 
Prais and Houthakker's models (I46). 
a. For an individual 
Y = A + B IriX 
Where: Y = expenditure for a given commodity 
b. For a group of individuals. 
Y = C + B lrX 
Where: Y = average expenditure for a given commodity/individual 
X = average total expenditure/individual 
c. Y = k e A+BlnX or lnY = (A+lnk) + BlnX 
These models are fitted by the least-squares method. 
Tomquist's models (610. 
a. For necessities 
X = total expenditure 
A and B = parameters 
C = (A-B 62) 
7 
2 (f = variance of total expenditure 
Y
' m  •  
b. For relative luxuries 
; Xo 6 X 6 
Y = 0 
10k 
c. Luxuries 
(X - x0) 
Y  s a » t  (x-x 0 )  ; x„ 6 xioo 
;  X < X 0  Y = 0 
Where: Y = expenditure for a given commodity 
X = total income 
X0 = initial total income 
k = satiation level 
C = constant 
A = constant 
Wold and Jureen use an iterative trial and error least-squares 
process for estimating parameters. A and X0 are chosen arbitrarily 
3. Modified Tornqvist's model (18). 
A+B lnX 
Where: Y = expenditure for a given commodity 
X = total income 
P (X) = distribution of X. 
A and B = constants 
k = satiation level 
for minimizing 
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The model is fitted by maximum likelihood method and iterative 
procedure. 
Aitchison and Brown's model (2,3)• 
Y = k f 1 e~ J  1  dt 
/ jnr 
Z - In A + B lnX 
P (AXB) = / 1 — e"^  t2 dt 
/ JTTT 
/ —<K? 
Where: Y = expenditure for a given commodity 
X = total income 
K = satiation level 
A and B = constants 
The model is fitted by maximum likelihood method and iterative 
procedure. 
